. Even today, the most commonly used methods for their isolation are the classical resolution by crystallisation of diastereomeric salts 2 and enzymatic resolution 3 . The disadvantage of these resolution methods is their inefficiency, with, at best, only 50% of the desired enantiomer produced and the undesired one wasted. Catalysts that can racemise the unwanted enantiomer may enable dynamic kinetic resolution (DKR) using a suitable enzyme to yield 100% of the required enantiomer 4 . We have reported the use of the dimeric iodoiridium complex [IrCp*I2]2 (Cp*=pentamethylcyclopentadiene) 1 (SCRAM) as an efficient racemisation catalyst for the dynamic kinetic resolution of secondary amines in combination with immobilized lipases and a suitable acyl donor 5 It would be useful to more fully understand our iridium-based catalytic system 5,6 to enable its optimisation and herein is reported kinetic and mechanistic studies to help achieve that goal. The cyclopentadienyl methyl groups shift slightly up-field from = 1.85 to 1.83ppm. All of which is consistent with the formation of a 1 : 1 complex with the amine coordinated to the iridium and with both iodide anions still bound to the metal-ion. After adding further amine 4, the excess remains uncomplexed and no 2 : 1 complex is formed. It is probable that the iridium-amine complex has the structure 5 which has no overall charge and in which the formal Ir 3+ is a four-coordinate eighteen electron species. , whereas the amine a-CH shifts downfield from 6 = 3.66 to 4.31ppm in the complex, the a-CH3 moves from 6 = 1.38 to 1.45ppm and the Nmethyl changes from 6 = 2.31 to 2.70ppm and from a singlet to a doublet (J = 6.3 Hz). The structure 6 is suggested for the complex and, although under the normal racemisation conditions there is at least a fifty-fold excess of secondary amine, the higher temperature of 80 o C means that it is probable that only a small fraction of the catalyst is converted to the iridium-amine complex. Consequently, the iridium catalyst does not become saturated and the kinetic profiles are not zero-order in substrate amine concentration. The difference in binding constants of primary and secondary amines may explain the differences between their rates of racemisation which is discussed later.
Introduction
Enantiomerically pure chiral amines and alcohols are important building blocks for pharmaceutical and agrochemical products 1 . Even today, the most commonly used methods for their isolation are the classical resolution by crystallisation of diastereomeric salts 2 and enzymatic resolution 3 . The disadvantage of these resolution methods is their inefficiency, with, at best, only 50% of the desired enantiomer produced and the undesired one wasted. Catalysts that can racemise the unwanted enantiomer may enable dynamic kinetic resolution (DKR) using a suitable enzyme to yield 100% of the required enantiomer 4 . We have reported the use of the dimeric iodoiridium complex [IrCp*I2]2 (Cp*=pentamethylcyclopentadiene) 1 (SCRAM) as an efficient racemisation catalyst for the dynamic kinetic resolution of secondary amines in combination with immobilized lipases and a suitable acyl donor 5, 6 and as epimerisation catalysts in diastereomeric crystallisation 7 
.
Although there are some catalysts for the direct synthesis of enantiomerically pure amines and alcohols 8 , combining efficient and fast catalytic racemisation with an enantiomerically selective enzyme has many advantages. There are relatively few catalytic systems capable of racemising amines 9 and some of those involve extreme conditions, such as Raney nickel or cobalt or alkali metal hydroxides at high temperatures, 10 and Pd catalysts which generally require long reaction times 11 . Other systems have used electron-rich Shvö catalysts 12 and cationic half-sandwich ruthenium and iridium catalysts 13 
It would be useful to more fully understand our iridium-based catalytic system 5, 6 to enable its optimisation and herein is reported kinetic and mechanistic studies to help achieve that goal.
Results and Discussion
The dimeric iodo-iridium complex [IrCp*I2]2 (Cp*=pentamethylcyclopentadiene) 1 is an efficient catalyst for the racemisation of secondary and tertiary amines at ambient and higher temperatures with a low catalyst loading. For example, the racemisation of both (R) and (S) , whereas the amine a-CH shifts downfield from 6 = 3.66 to 4.31ppm in the complex, the a-CH3 moves from 6 = 1.38 to 1.45ppm and the Nmethyl changes from 6 = 2.31 to 2.70ppm and from a singlet to a doublet (J = 6.3 Hz). The structure 6 is suggested for the complex and, although under the normal racemisation conditions there is at least a fifty-fold excess of secondary amine, the higher temperature of 80 o C means that it is probable that only a small fraction of the catalyst is converted to the iridium-amine complex. Consequently, the iridium catalyst does not become saturated and the kinetic profiles are not zero-order in substrate amine concentration. The difference in binding constants of primary and secondary amines may explain the differences between their rates of racemisation which is discussed later.
There is no direct evidence that the expected imine intermediates, such as 7, form stable complexes with the iridium dimer 1 even at the lower temperature of -40 o C. The rate of deuterium-incorporation into cis-sertraline 8a is similar to the rate of formation of the trans isomer and the rate of deuterium loss from the isoquinoline 2b is much slower than its rate of racemisation but similar to its incorporation into cis-sertraline. , giving a primary kinetic isotope effect kH/kD = 6.44. Table 3 Observed pseudo-first-order rate constants kobs and second order catalytic rate constants kcat for the isomerisation of 6,7-dimethoxy-1-methyl-3,4-dihydroisoquinoline 2a and its 1- A reaction mechanism compatible with this data involves dissociation of the catalytic dimer in the presence of reactant amine to form a complex with no overall charge in which the formal Ir 3+ is four-coordinate and an eighteen electron species and with an equilibrium constant K (Scheme 3). Hydride transfer from the amine to iridium (step k1) generates a formally negatively charged iridium complex that is still four-coordinate and an eighteen electron species, but in an ion-pair with the positively charged iminum-ion. These two ions may dissociate (step k2) before, or at a rate competitive with, hydride transfer back to the iminium ion (step k4) to generate the enantiomeric amine either after conformational rotation of the iminium-ion or its re-association (step k3). The primary kinetic isotope effect indicates that hydride transfer is the rate-limiting step. As the reaction profile is symmetrical for this reversible equilibrium process, the freeenergies of the transition states for hydride transfer from amine to iridium and from iridium hydride to iminium ion are the same.
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